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1 
My invention relates fo power-factor respon- 
sive apparatus including meters and relays, and 
lts object is to provide power-factor responsive 
apparatus . and a method of . power-factor 
measurement which are accurate over a wide 
range of frequency variation. 
In usual-single-phase power:factor meters, 
operation is obtained by utilizing a phase split- 
ring network fo obtain a potential approximately. 
90 degrees out oï phase from line potential. 
Since this involves use of inductance cofls or 
capacitors, such usual power-factor meters be- 
corne very frequency sensitive since changes in 
frequency affect both the phase angle and the 
magnitude of the current supplied through such 
phase shifting network, and it bas good ac- 
curacy only ai one frequency. 
According to nîy invention in ifs preferred 
form, I provide a power-factor responsive ap- 
paratus which utilizes an alternating current 
dynamometer unit having a torque responsive 
to watts, and a direct current dynamometer uriit 
having a torque responsive to volt-amperes. 
These units are both energized from the cur- 
rent and voltage of the circuit being metered, 
but one is energized through rectiflers. The 
moving elements of bothunits are mounted on 
the same shaft so that their torque ratios may 
be compared in terms of power factor. The fre- 
quency sensitive phase shifting network usually 
employed in power-factor measurement appara- 
tus becomes unnecessary, and hence, the meter 
is accurate over a wide range of frequency varia- 
tion. 
-The features of my invention which are be- 
lieved to be novel and patentable will be pointed 
out in the claims appended hereto. For a better 
understanding of my invention, reference is ruade 
in the following description fo the accompanying 
drawing in which Fig. 1 represents diagram- 
matically a preferred embodiment of my inven- 
tion. Figs. 2, 3 and 4 show comparative arma- 
ture coil positions for zero, .5 and unity power- 
factor, conditions of a power-factor meter 
embodying  the main principle of my inven- 
tion for the purpose of explaining such prin- 
ciple. Fig. 5 shows different scale distribu- 
tion curves that may be obtained in my 'power- 
factor meter by changing the angular .positions 
of the coils of the upper and lower dynamometer 
units and also the effect of changing the ampere 
turns in such units. For these curves, the 
abscissas are graduated in power factor and .th e 
ordinates in degrees deflection. Fig. 6 repre- 
sents an embodiment of my invention where 
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55..fier 16 and hence, by direct current. 

2 
the relative torques of watt and volt-ampere 
measuring instruments are compared visually 
by a pointer crossing arrangement. " . 
Referring now to Fig. 1, my power-factor 
5 meter or relay comprises two dynamometer type. 
torque units A and B, each having a stationary 
winding consisting of coils, the stationary coils. 
for unit A being designated by | and 2, and 
the stationary winding of unit B consisting of. 
10 coils 3 and 4. Each unit has a moving winding 
or coil system consisting of coils 5 and 6 for 
unit A, and coils ] and 8 for unit B, and each 
is of the type which has a 90 degree angle be- 
tween zero and maximum torque positions. The 
15 moving elements for the two units are mounted 
on a common shaft diagrammatically indicated 
ai 9, shown as carrying a pointer. |0 which ln- 
dicates on a power factor scgle Il. If is to be 
understood that in Fig. 1, as also in Figs. 2, 3 
20 and 4, axial offset views of the coils are repre-, 
sented. " Where the apparatus is fo be used 
as a relay or for recording purposes, if will be 
provided with the usual facilities for such uses. 
The moving coils will be provided with lead-in 
25 spirals designated by the flexible leadsas' at 
|2, but these spirals will be very light and other- 
wise arranged to produce no resultant torque 
on the shaft 9 within the measurement range 
of the apparatus. 
30 The stationary windings are connected tobe 
energized in response fo the current flowing in 
the signle-phase alternating current to be 
metered, represented at 3, and where the line 
current is larger than is suitable for instruments, 
35 a current reducing current transformer, repre- 
sented at |4, will be used. Preferably, the 
tionary windings of the units A and B are en- 
ergized from the same secondary coll of the 
same current transformer as represented, but 
40 this is hot essential to the invention so long.asl 
both are energized in flxed proportion to the 
current in the line . 
One unit A has its stationary winding en- 
45 ergized by direct current by reason of the full 
wave rectifier |5, while the other unit B is en-. 
ergized by alternating current. The alternating 
current terminals of the rectifier |5 are in-series 
with coils 3 and 4 of unit B, and the direct 
50 current terminals are in series with the coils 
| and 2 of unit A. The moving coils of the two 
units are energized in proportion fo the voltage 
of line |3. Coils 5 and 6 of unit A are energized 
in series from line 3 through a full wave recti- 
Coils ] 



27599,287 

3 
and $ of unit B are energized in series from line 
13 by alternating current. 
It will now be apparent that unit A, which 
has its field and armature energized by direct 
currents respectively proportional to the current 
I and voltage .. of line 13, is capable of produc- 
ing a torque proportional to EI or volt- 
amperes; 'gnd that uni-t B, which bas its field 
and armature energized by alternating currents 
respectively proportional to and in phase with 
current I and voltage E Of line 13, is capable of 
producing a torque proportional to EI cos ç or 
watts, where ç is the phase angle between E 
and I of line 3. The torques of -uni$s A .and 
B are arranged to oppose each other so that 
the resultant rotary position of shaft 9 will cor- 
respond to the ratio 
watts EI cos ç . 
volt-amperes-- -E-Ï- =cos ç 
or/power :factor. 
For best resuls,-certain practicable considera- 
tions :require attention .as will now be explained. 
Let :us assume flrstthat-the .ar-mature coils of 
urnts.And:B areso connected and mounted on 
sha '9:in.-such relation that when unit 
i, ts::zero torque .position, unit B.is 180 degrees 
from its:=zero orque position. Thon when the 
meter is energized and the-power facr, is zero, 
the resul-tant torque .position .may. be .as repre- 
sented in ig. 2. T-bus, the alternating current 
wa-ttmeter uni.t B is 180 degees frorn zero torque 
poSition, but snce ,the power factor is assumed 
to be zero,.it has .no torque in any position. The 
diret:current volt-ampere unit A .is in is zero 
torqu .position» but .if it wee. moved from such 
,posi.tion, if would .-irnmediately develop torque to 
return .it fo its -zero .torque pos£tion. Hence, ïFig. 
2-represents %he rotary position of the-apparatus 
for. the ,conditions .assumed, and we may mark 
the .position of pointer H} on its scle 0 power 
factor.- 
.Assume,now fhat he power factor of the meter 
of F2g. 2. Changes. to unity, but"that current and 
voltage, values -romain the sàme. Under his 
conïi0n, :the.torques of units /k and B will 
eqUl and'epp0site, and tle.shaft and moving 
coflS wfll assume the positïon represented in :Fig. 
4, 90 degrees from the Fig. 2 position, andvemay " 
mafk..the_pointer position -nity ,power factor.. 
Assume"now ïht-he power factor -changes fo 
:5wïth ttïe'other conditions rernaning the .saine. 
The moving artswfll uow take ome such posi- 
ri'on  as  representedin Fig. 3 because when the 
power atr- chauged from 1' to .5, the torque 
bîtity 'of ,the .volt-ampere .unit A remained-as 
before»hile--tha .of the attmeter element de- 
creased due to the.decrease-in-power factor. In 
turning-.om-. he position oI ,,lig. 4 fo that of 
Fig...,:e :the .urit:.A:rotor has .turned .towards.its 
zëro torque pOSition, and hence,:its :actual torque 
in position Fig. 3 is less than lnig..4. The.rotor 
element.:of the-combinations hus-turns=m a 
position ç.Fig. 3) where:the (pposing torques ho- 
corne Blal. 
. t wi.lt be evident £ht with he .stationary cofls 
in ïea¢t alignmentand .the rotor coils ,in ..exact 
180-deg.ree alignment .as pictured in Figs.-2, 3 
and.4,, when the power factor changes from zeo 
to. some her value, the .rotor element is just 
as a!St to %urn 'to the left 'in Fig. 2 as to the right 
beuause the cofls Of nit .B -are -in hat may. be 
cns.ïdered a dead-cener position and, in fact, 
urrless.vibrated or uherwise moved -off from  a 
deïl-centerposition inune tirection orhe other; 

4 
will not move at ail To av0id these difficulties, 
itis desirable to rotate either the stator coils of 
the two units with respect fo each other or their 
rotor cofls with respect fo each other by a small 
 amount. 
Returning now to Fig. 1, it is noted that the 
moving coil oï unit B .has been rotated relative 
to the corresponding coil of unit B byn angle 
C. The length and distribution of the scale is 
10 influenced by the value of the angle C and the 
ratio of ampere turns in units A and B, and 
.these inl2uencing factors may be varied to best 
suit the range of power-factor measurement for 
. which the meter OEs to be used, as will now be 
t5 :explained. 
For any deflection of the instrument within 
the.desired scale..range, the torques of the upper 
and lower elements rnay be computed and the 
position of torque equilibrium determined. The 
.0 torque equilibrium equation is, 
NcAIcANAIpA tan Y÷NCBICBNPBIPB COS (X÷ r) 
tan Y COS'@=NCBICBNpBIPB sin (X+Y) cos  
Nc«=turns in outrent coils A (uppr) 
25 Ic=current in current coils A .(.upper) 
N=turns in potential coils A .(upper) 
I.=current in potential coils A (upper) 
Ncs=turns .in current coils B (lower) 
/cs=current .in current coi.ls B. (lower) 
0 Ns=turns in. potential coils B (lower) 
ls=current .in potential coils B lower) 
Y=angle between upper potontial coils and uppor 
current coils (aiso.equals angular delïection 
.of pointer from zero). 
5 X=angle between lower current coils and lower 
potential coils (taking into account the re- 
versed direction of the current coils). 
cos-8=power factor. ' 
4O lor the postion of the moving element of the 
rneter..represented in Fig. 1, angle Y is about 20 
deg.rees; angle X is about 130 degrees; and angle 
C, which, is equal fo t80--(X÷Y)., is about 30 
degees. 
Refer to Fig 5where I have,shown distr-ibution 
5 
curves -for m power-factor meter for different 
values of the angle. C and for d-fferent .arnpere- 
turn ratios in the«mòving coils .ofun.iA and.B. 
Curve D shows the power-factor-degrees de- 
fiection charactoristic where-angle-C is 10 deg.rees 
50 and .the amper-e-£urn ratio in .units-A .and B is 
the saine. Tahis g}ves a crowded .scale .condition 
ai low-.power factors ..and-a scale length .of. 85 
degreesbetween zero and unity power factor. 
Curve E is :the result obtained by. making_angle 
55 C/20 degrees and .increasing the .ampere £urns 
in ,the moving coil .system of unft Bwith xespect 
to ur/it A so hat /his .ratio is 1.06/1. THis in- 
creases the scale length £e. 90degrees.and ïm- 
proves the .distribution somewh«. Curve 1 is 
60 the.result of making the angle  30 degrees and 
the ampere-turn ratio unity. The distribution 
is further improved, but the scàle .lenth ï 
shortened :to  degrees. Curve "G.ïs :the resUl 
obtaed by makingangle C :30 degrees -ndsg 
5 a 1.1/1 rtio between the ampere'turns-inthe 
rnoLng coil systems f units A and B. -In all 
cases; he ampere-turn ratio in the .stationay 
cofl systems-as kept ai uniy OEt 2s noted that 
curve-G represents -aP0«degree scale -length 'and 
7{} a very-stisfactory scaledistribution'or the more 
common existing power-factor condition, ,wHere 
that ,pòrtion of. %ho power-facor scle::beveen 
;5 .and .uniy will 'be:mest :freetuently .used. The 
scale-distribution shown in .-tig, :! coreslOds 
?' substantiall to curve .:G. Using a 40deree 
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angle for C with theampere-turn ratio used for 
curve G will shown a tendency to crowd the 
upper- end of the scale, which will be undesirable 
for the most common power-factor conditions. 
If is desirable to providea filter in one of the 
rectified circuits, preîerably the voltage circuit 
as shown at [7 in Fig. 1, to smooth out the out- 
putcurrent and prevent changes that might 
otherwise be due to different relative phase posi- 
tions of current and voltage rectified waves. The 
rectifiers used may be of the dry or vacuum tube 
type. 
Since the lower alternating .element B is con- 
nected directly to the high frequency line, it. will 
exhibit some reactance which will tend to cause 
error when the meter is used over wide ranges of 
frequency uniess compensated for. This ten- 
dency may be compensated for by connecting a 
small condenser [$ across a portion of the series 
resistance [9 of the alternating current unit B. 
Such componsating condenser is merely to com- 
pensate for the reactance of unit B and is hot 
comparable to the 90-degree phase shifting ex- 
pedients used in the conventional power-factor 
meter of the prior art. A power-factor meter 
built in accordance with this invention for a fre- 
quency range between 300 and 1000 cycles per 
second was accurate to within about 2 per cent 
over this range. The conventional type single- 
phase frequency meter of the prior art shows 
errors of 25 per cent over this çange. My oower- 
factor meter is, of course, suitable for use on a 
Constant frequency circuit. 
Oue set of specifications for. a satisfactory fre- 
quency meter embodying my invention for a fre- 
quency range of 300 fo 1000 cycles is as follows: 
Use 56 turns in ea.ch of the stationary current 
coils [, 2, 3 and 4. Use 400 turns in each of the 
moving coils 8, 6, 7 and 8. Use a 5-ampere 
copper oxide rectifier at [ 8 and a 40-milliampere 
copper oxide rectifier ai [6. Use a 2100-ohm 
resistor at 20. The filter 17 may consist of a 
4-ml. condenser and a 3.2-henry inductance. A 
0.2-ml. compensating condenser may be used at 
[8, .and the resistance at 19 may be 2000 ohms. 
If desired, a variable resistance may be used in 
one of the potential circuits as at 21 for calibra- 
tion purposes and for varying the ampere-turn 
ratio between units A and B. 
NIy frequency meter may be used to measure 
either lagging or leading power factor, but hot 
both, unless other means are provided, or it is 
otherwise known when the power factor changes 
from lag fo lead and vice versa. For instance, 
consider the unity po,wer-factor condition repre- 
sented in Fig. 4. A decrease in power factor from 
this condition in either the lead or lag direction 
will decrease the torque of the wattmeter ele« 
ment in the same way, and hence, the meter as 
described is intended for the measurement of 
either all leading or all lagging ,power factor, and 
will hot in itself distinguish between leading and 
lagging power factors. 
In Fig. 6, there is represented a modification 
of my invention where the torque response rela- 
 tions of the two instruments AI and BI are com- 
pared visually instead of mechanically. Instru- 
ments AI and BI may be like those of Fig. 1 
except that both will bave zero return springs 
which bias their pointers 22 and 23 to the zero 
poin.ts of their respective individual scales 24 and 
28. Instrument AI is energized through rectifiers 
as for instrument A, Fig. 1, and hence, produces 
a torque in a counterclockwise direction propor- 
tional fo and measurement of volt-ampores, and 
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ifs scale 24 is calibrated accördingly. :Instru- 
ment BI is a conventional A.-C. wa-ttmeter pro- 
 ducing a torque in a clockwise direction, and 
scale 28 is calibrated accordingly.. The instru- 
5 ments are arranged so that their pointers 22 and 
23 cross each other over their defiection ranges, 
and since the ratio, of 
watts EI cos ¢-cos ¢power factor 
volt-amperes EI 
10 
a chart 26 may be provided on which the crossing 
point 27 of the pointers may indicate, and this 
chart may then be graduated in power-factor 
lines. 
15 Thus, if the ,power factor be held at .8 and the 
volt-amperes and watts be aried over the range. 
of defiection of the instruments AI and BI, the 
crossing points of their pointers will fall On a 
line which can then be marked .3 P.F. The chart 
2O is plotted with other lines corresponding to o.ther 
torque ratios and power factors until we have 
. a chart graduated in power factoras represented 
and from which the power factor w!thin the 
range of operation Of the instruments may be 
25 read. Thus, in Fig. 6, the wattmeter reading is 
60, the volt-ampere reading is 80, 'and the power 
factor reading is .75. The power factor can also 
be computed thus 
60 6 
30 ==.75  
While the watt and volt-ampere scales are un- 
necessary so far .as the measurement of power 
factor is concerned in Fig: 5, their use is obvi- 
35 ously desirable. Since instrument AI is ener- 
gized by direct current as in Fig. 1 for unit A, 
the measurements are reliable ,over a wide range 
of frequency variation. 
In accordance wih the provisions of the patent 
4O statures, I have described the principle of opera- 
tion of my invention, together with the appa- 
ratus which I now consider fo represent.the best 
embodiment thereof, but I desire to have it un- 
derstood that the apparatus shown is only illus- 
45 trative and that the invention may be carried 
out by other means. 
What I claire as new and desire to secure by 
Letters Patent of the United States is: 
1. Power-factor responsive apparatus com- 
a0 prising a pair of dynamometer instrument units 
each having stationary and rotatable cooperating 
winding elements, connections for energizing one 
winding element of each unit in proportion to the 
current fiowing in a circuit the power factor of 
ii which is to be measured, connections for ener- 
gizing the other winding element, of each unit in 
proportion to the voltage of such circuit, rectifier 
means included in the energizing circuits to each 
of the winding elements of one unit only so that 
O such unit will bave a torque proportional fo the 
volt-amperes of such circuit while the other unit 
will bave a torque proportional to the watts of 
such circuit, and a common shaft on which both 
of the rotatable winding units are secured in such 
 angular relation that the rotary position of the 
shaft is determined by the torque ratio between 
the two units and varies with the power factor of 
such circuit. 
2. Power-factor responsive apparatus compris- 
0 ing a pair of dynamometer measuring units of the 
type having stationary and moving coil elements 
and a range of deflection of 90 degrees between 
their zero and maximum torque positions, con- 
nections for energizing the coil elements of one 
8 of said units in proportion to the current and 



voitae of n-atrnating-. urrent Circuit the 
power actormf which 
sd. ni-has tu spoe proportionl 
e wa--O such ccut; cnections cludg 
recfiermes r ïenergi he coil etements 
of he oth-it  Drotion to the nmnt 
and volge of such circt so 
rque respoe proportional  the volt-amperes 
of such circuit, and a con sh onhch the 
movg coil elements of both uni aremounted 
su at when .he moving co elemeBt oï one 
it '  ifs  ero orque .p0siion, è .movg 
c0il emnt of t the 
ï zèro torque position by an angle beeèn 
and 180 degres whereby the angular siGonoï 
Sd shat  drmed by e ratio of the 
rG 0f he twoëlementsandhe powe# acter 
of such 
3, .PbwUfacr zpoive- aDpartUS 
lng Dir f domr .typemasurg units 
of e"e avg sttionzy movg cofls nd a 
range Of èectîon 0f 90 derees betweC thèir 
 d a 0rGn positions, cormect0ns 
or enèrig he stàti0nary an moving di 
one unit .pro#.ti0n  the currènt and voltage 
respëCti#ely  of an amatg cret 
be mr  coion to such.m0Ving coil 
cludg mans for compeatg ïfor he 
actance of such it, said unit developing a 
torque proportional .o th-e wat of such circt, 
coectio cludg'reEg means for ener- 
gizg the stationary and movg cos oï the 
othrunit. propor-t!on.the uz#ent andvolt - 
agërésDèctivly of thecïrcuit  be mete#ed, af 
le.one of sd.l-enioned connections 
cludg' a fllter for .0'0thg thè reced.cur1 
re' therëin, sadlgsmtioned ut  devlopihg 
a %0fque proportionl fo th 6lt-amperes of such 
circuit, and.a common shafton whlch the movg 
c0flS .of .b0th of .said' Uni -azé sured such that 
e .zer0  t0qUe p0stions of sd  -ar dis- 
pla d -b  .angle batwh 90 and 180 degees. 
.4 owrcr  rësnsive patus 
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